1.019-1.063), and high-density lipoprotein (HDL, d 1.063-1.210). Recent studies emphasize that the concentrations of LDL correlate positively and HDL correlate negatively with CAD." 3, C, f-
The relationship between VLDL and CAD has been less well defined.9 10 In 1956, Gofman et al."1 reported that atherosclerosis, as manifested by definite evidence of CAD, was associated with an antecedent elevation of the serum Sf 20-100 and possibly Sf 12-20 lipoprotein (IDL). However, there have been few studies on IDL and the extent of CAD. Only case reports'2 and few epidemiologic data are available.5 IDL and cholesterol-rich VLDL accumulate in abnormally high concentrations in the plasma of patients with type III hyperlipoproteinemia (broad 0 disease), which is highly associated with severe and premature atherosclerosis of coronary and peripheral arteries.'3 Thus, it is suggested that IDL strikingly accelerates CAD.
To examine the relationship between plasma lipoprotein concentrations and the severity of CAD, we assigned a score to each of the 15 segments of coronary artery depending on the finding of selective coronary cineangiogram and defined the coronary atherosclerosis index (CAI) as the sum of these scores.
We have investigated the influence of IDL and cholesterol-rich VLDL on the extent of CAD in 182 consecutive patients evaluated by angiography.
Methods Patient Selection
We studied 182 consecutive patients referred to our cardiology unit between June 1976 and May 1979 for coronary angiographic evaluation of chest pain, arrhythmia and unexplained cardiomegaly suggestive of CAD. Patients with thyroid, renal or hepatic diseases and those taking steroid or hypolipidemic drugs were excluded. Four patients had valvular heart disease and 18 had cardiomyopathy without CAD. The remaining 60 patients had no demonstrable evidence of heart disease.
Lipid and Lipoprotein Measurement
Blood samples for serum lipid and lipoprotein lipid determination were obtained after a 12-hour overnight fast a few days after admission. Lipoprotein fractions were isolated by sequential ultracentrifugation at appropriate densities.' Serum was overlayered by NaCI solution containing 0.0 1% EDTA-Na2 (d = 1.006) and the samples were then centrifuged for 20 hours at 105,000 g at 15°C in a SW 50.1 in a L5-50 Beckman ultracentrifuge. After centrifugation, the top fraction, corresponding -to VLDL, was removed by aspiration with a pasteur pipette. The bottom fraction was adjusted to a density of 1.019 with solid NaCI and overlayered with NaCl solution of density 1.019. The samples were then recentrifuged for 20 hours at 114,000 g at 15°C. The top fraction, corresponding to IDL, was collected. The bottom fraction was readjusted to a density of 1.063 with solid NaCl-and was then recentrifuged for 20 hours at 14,000 g at 150C. The fig. 1) .
The extent and severity of CAD were assessed by assigning scores to each of the 15 segments. The CAI was defined as the sum of these scores. No significant stenosis was graded 0. Stenosis of less than 25% was graded 1. Twenty-five to 49% stenosis was graded 2. Fifty to 74% stenosis was graded 3. More than 75% stenosis was graded 4. Thus, the highest possible score was 60.
Forty of 182 angiograms were selected at random and reanalyzed several months later without knowledge of the previous reading. The coefficient of variation between the readings was 4.3%. To study the influence of IDL apart from that of LDL on CAD, the frequency of CAD was compared among four subgroups with different lipoprotein lipid combinations. The frequency of CAD was the percentage of the patients with a CAI of greater than 1. The patients were divided into four subgroups by IDL cholesterol concentration of 17 mg/dl and LDL cholesterol concentration of 120 mg/dl, which were 80-90% fiducial limits. Group 1 included the patients with lower IDL cholesterol and lower LDL cholesterol concentrations; group 2 included those with higher IDL cholesterol and lower LDL cholesterol concentrations; group 3 included those with lower IDL cholesterol and higher LDL cholesterol concentrations; and group 4 included those with higher IDL cholesterol and higher LDL cholesterol concentrations than those of the above limits. In total patients and in male and female patients, there were no significant differences in age and HDL cholesterol levels among each subgroup.
In total patients ( fig. 2) , the frequency of CAD in groups 2, 3 and 4 were significantly higher than that in group 1 (p < 0.01, p < 0.025 and p < 0.005, respectively). The frequency increased abruptly from group 1 to group 2, and the frequency of group 2 was as high as that in groups 3 and 4. That is, moderately increased levels of IDL cholesterol were closely associated with the high frequency of CAD. In total patients, the mean ± SD of the CAI in groups 1, 2, 3 and4 were 3.0 ± 4.6, 5.2 ± 4.4, 8.4 ± 9.1 and 11.5 ± 9.7, respectively. The CAI increased progressively from group 1 to group 4. These differences were statistically significant by the Kruskal-Wallis test (H = 21.94, p < 0.01). The mean CAIs in groups 2, 3 and 4 were significantly higher than that in group 1 (p < 0.05, p < 0.01 and p < 0.01, respectively). The mean CAI in group 4 was significantly higher than that in group 2 (p < 0.05). In males ( fig. 2) , the frequency of CAD increased greatly in group 2, as in total patients. The mean ± SD of CAI in groups 1-4 were 3.7 ± 4.9, 5.8 ± 4.6, 8.1 ± 8.3 and 9.5 ± 8.6, respectively. The Kruskal-Wallis test showed that the differences in the CAI were statistically significant among four subgroups (H = 11.83, p < 0.01). The mean CATs in groups 3 and 4 were significantly higher than that in group 1 (p < 0.05 andp < 0.01, respectively). Results were similar in females ( fig. 2 ).
Relationship Between Cholesterol-rich VLDL and CAD
The influence of cholesterol-rich VLDL on CAD was studied among four subgroups, which were divided by VLDL cholesterol concentration of 25 mg/dl and VLDL cholesterol to VLDL triglyceride ratio of mg/dl. The same procedure was followed in the two groups with VLDL cholesterol levels greater than 25 mg/dl. There were no significant differences in age and LDL and HDL cholesterol levels between groups A and B, and in age and VLDL, LDL and HDL cholesterol levels between groups C arid D (table 6) . However, the IDL cholesterol level for group B was significantly higher than that for group A, and the IDL cholesterol level for group D was also higher than that for group C (both p < 0.01). The frequency of CAD in group B was not significantly higher than that in group A, but the CAI for group B was significantly higher than that for group A (p < 0.05). The frequency of CAD in group D was significantly higher than that in group C (p < 0.025). Therefore, cholesterolrich VLDL was closely related to IDL, and these lipoprotein fractions may covary in their relationship to CAD. However, cholesterol-rich VLDL was not a significant and independent factor by multivariate analysis, while IDL cholesterol for the total and male patients was a significant variable independent of cholesterol-rich VLDL and other factors. 20 21 but evidence concerning ,the risk from hypertriglyceridemia. is conflicting.
Some inves'tigators22-24 suggested that serum triglyceride'was significantly related to the prevalence and the extent of CAD, but these-data were not examined by multiple discriminant analysis and have left doubt whether the relationshiip between serum triglyceride and CAD is independent of other,risk factors, including HDL cholesterol, because there is a moderate or strong inverse association between serum triglyceride and HDL cholesterol." 10 Recently, population surveys have shown an inverse relation between HDL cholesterol concentrations and the prevalence of CAD.1 , 6, 10 Castelli et al. ' suggested that there was no discernible trend of CAD prevalence by triglyceride level when the HDL cholesterol level is taken into account. Other reports26' 26 show that enhanced cholesterol and triglyceride concentration together are more associated with an increased risk of coronary atherosclerosis than the elevation.of either cholesterol or triglyceride concentration alo-ne. In our study, both serum cholesterol and triglyceride levels were significantly higher in the patients with CAD than in those-without CAD, but only cholesterol level correlated with CAl. Serum triglyc.eride levels did not relate to CAI. Hence, hypercholesterolemia could be more closely related to the extent of CAD than hypertriglyceridemia.
In most studies attempting-to correlate blood lipids with coronary arteriosclerosis, the diagnosis of CAD is based on clinical and electrocardiographic criteria.
However, not all patients,with angina pectoris actually have CAD.27 Several cases of myocardial infarction without obstruction of three major arteries have been reported.2832 Therefore, a.more reliable correlation of lipid abnormalities with CAD may be available when coronary arteriosclerosis.is demonstrated by coronary angiography. Selective coronary cineangiography has made it possible to determine the extent and severity of stenosis of coronary arteries with considerable accuracy. In our study, approximately 45% of the patients who underwent coronary angiography had no demonstrable coronary artery stenosis. This incidence of no CAD was higher than in other investigations,25' ms because the patients with valvular disease and cardiomyopathy were included in this study.
CAD has been defined by others25 4, 6 as more than 25% or 50% stenosis of a coronary artery, but Gotto et al.25 reported that analysis of the data using 50% and 75% stenosis criteria did not significantly alter their findings when compared with those using the 25% criterion.
We defined the CAI using the 50% stenosis criterion. There was a highly' significant correlation (r = 0.963,'p < 0.001) between 'the 50% stenosis criterion and the criterion used in the present study (25% stenosis criterion). Therefore, to evaluate the relationship between atherosclerosis, including mild lesions and risk factors, CAD was considered to be present when at least 25% stenosis was observed. There have been many studies7 2026 of the relationship between serum lipids and degree of coronary atherosclerosis evaluated by angiography, but'the association between individual lipoprotein concentrations and the extent of angiographically determined coronary arteriosclerosis has not been studied well. protein concentrations is more rational than determination of total plasma lipids alone to study the risk related to CAD.
The focus has been on LDL and HDL. The cholesterol level in the LDL fraction (density 1.019-1.063) co'rrelates best with total serum cholesterol in the present study. Therefore, the atherogenic effects of higher cholesterolemia in the previous reports can be attributed to the associated high level of LDL cholesterol. We confirmed that the LDL cholesterol level was highly associated with CAD, as reported by many investigators.5 Barr et al." reported that healthy men had higher levels of a lipoprotein than did men with CAD. This early observation was later confirmed.5' 7 Our study revealed that HDL cholesterol was a strong negative risk factor independent of serum triglyceride -and other lipoproteins.
The relationship between 'IDL and CAD has not been fully studied. We hav'e attempted to elucidate the influence of IDL and the changes of lipid composition in VLDL fraction on the extent'and frequency of CAD.
Most of the plasma triglycerides are carried in VLDL. In this study, both VLDL cholesterol and VLDL triglyceride levels correlated highly with serum triglyceride level. However, only VLDL cholesterol 
